The zinc finger protein CTCF has been shown to mediate multiple functions connected to gene repression. Transcriptional inhibition as well as enhancer blocking and chromatin insulation are documented for CTCF in men, mice and chickens. Additionally, hCTCF has been linked to epigenetics and disease. In line with these basic cellular functions, CTCF has been found to be expressed in every cell type and adult tissue tested and has thus been deemed an ubiquitous protein. Here, we report the identification of the CTCF homologue from Xenopus and the analysis of the spatio-temporal expression of xCTCF during embryogenesis. Within the DNA binding domain, xCTCF is virtually identical to other identified vertebrate CTCF proteins. Homology also extends to other conserved regions that are important for CTCF function. Although xCTCF mRNA is present during all stages of early Xenopus development, a remarkable increase in expression is observed in neuronal tissues. Early in development, xCTCF is highly expressed in the neural plate and later in the neural tube and developing brain. By tailbud stage, elevated expression is also seen in the developing sensory organs of the head. This is the first detailed description of the expression pattern of a vertebrate insulator protein during embryogenesis. q
Results and discussion
In the genome of higher eucaryotes, differentially regulated genes, specific for different tissues or developmental stages, may be adjacent to each other. Since regulatory mechanisms controlling gene expression can act over large distances, possibly including more than one gene, boundaries between active and inactive loci have evolved. Within vertebrates, a number of different boundary or insulator elements have been described but until now, only a single nuclear factor has been identified to be required for this insulator activity (Bell et al., 1999) . This CCCTC binding factor, CTCF, was originally discovered in chicken as a transcriptional repressor protein (Baniahmad et al., 1990; Lobanenkov et al., 1990) . In vitro binding assays showed that chicken CTCF can bind not only mammalian and chicken insulator sequences, but also a ribosomal DNA insulator element from Xenopus (Bell et al., 1999) . In addition, CTCF has been shown to mediate mono-allelic expression of imprinted genes (Bell and Felsenfeld, 2000; Hark et al., 2000; Kanduri et al., 2000) . Mammalian imprinting is conferred by specific methylation patterns throughout the genome. One of the factors reading this imprint is CTCF (for review see (Ohlsson et al., 2001) ). Although CpG methylation of the Xenopus genome has been demonstrated (Stancheva and Meehan, 2000) , examples of imprinted genes have not been found. Mammalian and chicken CTCF are expressed in a wide range of adult tissues and cell lines (Filippova et al., 1996 (Filippova et al., , 1998 Klenova et al., 1993) . However, a detailed analysis of CTCF distribution during development has never been performed. We sought to determine whether CTCF is conserved in Xenopus, and if CTCF has a distinct embryonic expression profile.
xCTCF and mammalian CTCF are highly homologous
Screening of a Xenopus cDNA library by a combination of polymerase chain reaction (PCR) and traditional hybridization methods led to the identification of two identical cDNAs containing a sequence homologous to the entire open reading frame of human, chicken, rat and mouse CTCF. This was designated xCTCF. The DDBJ/EMBL/ GenBank accession no. of xCTCF is AF305695. xCTCF is highly conserved showing 83, 84, 83 and 84% overall amino acid identity to human, chicken, rat and mouse CTCF, respectively. Within the eleven zinc finger DNA binding domain, vertebrate CTCF amino acid sequences are almost identical (98% identity) (Fig. 1) . xCTCF shows only five amino acid deviations which do not affect the general zinc finger structure containing a pair of cysteine residues separated by 12 amino acids from a pair of histidines. The N-and C-terminal domains conferring transcriptional repression (Filippova et al., 1996; Lutz et al., 2000) also contain regions of high conservation. Within the Cterminal domain, two motifs, a KRRGRP-type AT-hook which is involved in DNA binding and a casein kinase II (CKII) site which is phosphorylated on four serines of chicken CTCF both in vivo and in vitro (Klenova et al., 2001 ) are conserved in Xenopus. In xCTCF one of the serines in the CKII site is changed to a threonine (Fig. 1A ).
xCTCF expression during early Xenopus development is high in neuronal tissues
Reverse transcriptase (RT)-PCR of RNA isolated from Xenopus embryos of developmental stages 5-44 shows CTCF expression in all stages analyzed including maternal transcripts at stage 5 before the mid-blastula transition (stage 8) (Fig. 2) . Since this analysis does not resolve possible region-specific differences, we carried out whole-mount in situ hybridization with staged embryos.
In embryos before stage 14, a weak homogeneous stain- ing signal of xCTCF is observed. The first region-specific expression of xCTCF is seen in stage 14 embryos in the whole open neural plate with high levels of expression in the anterior neural plate and lower levels in the midline (Fig.  3A) . At early tailbud stage (stage 26), CTCF transcripts are found in two stripes in the neural tube and in the mid-/ hindbrain, with higher levels in the midbrain (Fig. 3B) . Lower levels of expression are also found in the forebrain. CTCF is also strongly expressed in the eye vesicles and detectable in the branchial arches. At stage 38 ( Fig. 3C-E) , CTCF expression is found in all derivatives of these domains. Strong CTCF expression is detected in the midand hindbrain, in the dorsal and ventricular regions of the brain. Interestingly, at stage 38, xCTCF expression is also found in all the sensory organs of the head (eye, otic vesicle and nasal placode). In the eye, CTCF transcripts are found in the ciliary marginal zone, the inner nuclear layer and in the anterior lens epithelium (Fig. 3D) . Furthermore, CTCF transcripts are detected in a few mesodermal derivatives, notably the head mesenchyme and in the intersomitic veins. Weak expression is also detected in the tailtip. It is important to note that, of the described domains, many are found in areas of high proliferative activity including the ciliary marginal zone, anterior lens epithelium, neural tube, ventricular regions of the brain and the tailtip. Thus, although detectable in all embryonic stages, it is clear that CTCF is differentially expressed during development with a dramatic increase in expression in neuronal tissues and sensory organs of the head.
Methods
A cDNA fragment was amplified by RT-PCR from stage 8 total RNA with the primers, CCATCACCGGTCCAT-CATGCTGAG and TACTGTGATGCTGTGTTTCAT-GAGCG, and cloned into pGEM-T (Promega) to produce pGEM-xCTCF-CT. Sequencing of this insert allowed production of xCTCF specific primers GCGTTATGCAC- Fig. 2 . Temporal expression of xCTCF during Xenopus development. The expression of xCTCF was analyzed using RNA isolated from embryos at the indicated Nieuwkoop-Faber stages (Nieuwkoop and Faber, 1967) by RT-PCR. Histone H4 was used as an internal control. Lane W, no RNA. 
